Abstract. Elepaio (Chasiempis sandwichensis bryani) were studied on the island of Hawaii from 1970 through 198 1. The species had a protracted breeding season from February through August, with most intensive breeding from April to June. Annual breeding season length varied among years (range 3-7 months). Elepaio retained mates for more than one season and remained in their territory throughout the year. An Elepaio territory encompassed the nest site, all food resources, and had similar boundaries in succeeding years. Nests were statant, open-cupped, with mamane (Sophora chrysophylla) trees the preferred nesting substrate. Clutch size of 23 nests was two eggs and did not vary among years. Both parents incubated, brooded, and fed the young. Incubation periods averaged 18 (range 17-l 9) days; hatching success of eggs incubated to term in 22 nests was 75%. Nestling periods averaged 15.6 days; fledging success was 89.3% and young fledged synchronously. Total reproductive success, based on 19 nests with complete records, was 65.8%. The most important factor that influenced annual Elepaio productivity on Mauna Kea was length of the breeding season, followed by the number of nesting birds and eggs laid that failed to hatch (25%). Inter-island subspecies comparisons revealed many similar behaviors (e.g., courtship chasing, territory type, clutch and egg sizes, nest placement, adult roles in nest building, incubation, brooding and feeding). Differences among subspecies appeared to revolve mainly around the influences of forest-type in which birds bred. In mesic habitats on Oahu and Hawaii, predation of eggs and young by introduced mammals played a major role in decreasing annual productivity, whereas in the dry forest of Mauna Kea predation on C. s. bryani nests was much lower.
INTRODUCTION
The Elepaio (Chasiempis sandwichensis), an endemic monarchine flycatcher found on three of the Hawaiian Islands, was first described by Latham in 1783 (Wilson and Evans 1890-1899), and has been placed in several genera (Muscicapa, Cnipolegus, Eopsaltria), with the most recent being Chasiempis. Pratt (1980) recognized three subspecies from the island of Hawaii (C. s. bryani, C. s. ridgwayi, C. s. sandwichensis), and one each from Kauai (C. s. sclateri) and Oahu (C. s. gay+ Olson (1989) showed that for the Oahu form, C. s. ibidis Stejneger, 1887, takes precedence over C. s. gayi (1985) . Adult aggression was documented by recording, through continuous observation, all chases of banded birds observed on 36 days, spaced throughout the year. Nest measurements included nest height (distance from ground to nest base), nest-tree height and species, circumference at breast height of nest tree (1.4 m from ground), distance from nest to axis of trunk and to end of branch, nest placement within the tree (terminal fork-limbs that formed the most distant group of stems from the trunk in the topmost 20% of canopy; lateral fork-end clusters of limbs in the remaining canopy; branch-any horizonal or vertical limb within the canopy cover); nest dimensions (nest height and width, bowl depth and diameter, rim thickness); and nest mass. The long and short axis of each egg was measured, and color patterns were recorded for each clutch. Vocalizations were recorded with a Uher 4400 report stereo tape recorded at a tape speed of 7.5 ips, and a Uher M5 14 microphone centrally mounted on a spun aluminum parabolic dish. Audiospectrograms were prepared with a Kay Electric Sound Spectrograph using both narrow and wide band-pass filters. The Elepaio daily song cycle was determined using continuous observation and by counting the total number of primary songs heard from all birds from 08:00 uary, just prior to the breeding season, peaked The Elepaio utilized one primary song (Fig. 3) . in April, then decreased to minimal levels during Birds also gave a variety of calls and location the latter part of the breeding season ( Number of Elepaio songs peaked during the morning hours, then diminished throughout the remainder of the day, with a slight increase in the late afternoon (Fig. 4) . The Elepaio is a very early singer during the breeding season, utilizing a predawn chorus (Table 2) were located in mamane while 44.1% were in naio (Myoporum sandwicense). At this elevation mamane comprised only 26% of the available trees whereas at higher elevations on Mauna Kea it is the dominant tree (van Riper 1980). Within the 2,130 m study area I measured the height of 352 randomly selected naio and 265 mamane trees, and compared them to trees (n = 34) that contained nests (Figs. 7 and 8) . Nest trees were taller than would be expected if birds selected trees solely on the basis of their availability (Kolmogorov-Smimov 2-sample Test; z = 1.3; P 5 0.05). Furthermore, nest height in both mamane and naio was influenced by tree height in that, as tree height increased, so did nest height (r* = 0.44; Fig. 9 ).
Of the 6 1 Elepaio nests that I found, 82% were located in terminal forks, 13% in lateral forks, and 5% on a branch. There was no significant difference between the distance of the nest from mamane trunks (mean = 259 cm; range = O-640 cm) and the distance of nests to naio trunks (mean = 157 cm; range = 30-427 cm: t = 1.7; P = 0.11).
There was also no significant difference between the distance of Elepaio nests to the end of mamane branches (mean = 40 cm; range = 8-76 cm) versus the end of naio branches (mean = 36 cm; range = 8-152 cm: t = 0.35; P = 0.73).
Elepaio nest placement favored the southwest quadrant of the tree (Rayleigh Test; 4 = 192 degrees; R = 6.385), and nest azimuth by quartiles revealed a significant avoidance of the northeast quadrant of the tree (x2 = 4.5; P = 0.03).
All nests were statant and cup-shaped. Except for nest height and width, measurements from 16 nests revealed very similar nest-structure parameters within this subspecies (Table 3) 
INCUBATION AND NESTLING PERIODS

Mean (and modal) duration of the incubation period at 4 nests was 18 days (range = 17-19 days)
. Male and female both developed a brood patch and both incubated and brooded, but at 16 nests the female did the majority (83.9%) of the incubation and brooding. Nest attentiveness was very high in that, throughout the incubation period, parents were on the nest most of the day (95.5%). Thermal probes placed in two nests revealed that heat was applied to the eggs throughout the entire night over the incubation period. After hatching, egg shells were carried away, but most of the time shell fragments were simply dropped over the nest rim. Eggs that did not hatch remained in the nest; one pair incubated an infertile clutch for 30 days.
Elepaio nestling periods varied from 14 to 17 days (mean = 15.6 days; n = 6). A decline in brooding attentiveness started at day three; by day eight, less than 20% of the daylight hours were spent brooding. During rain showers brooding rates increased slightly; however, females sometimes left the nest while it was still raining. Both the male and female fed the young, with 52.6% of the total observed feedings at seven nests attributed to the male, and 47.4% to females. Both parents regularly removed fecal sacs, and Elepaio nests remained clean throughout the nesting cycle. Nestling weight increased in a logistic fashion, with a leveling off period after day 11 (Fig. 11) . The fear response followed opening of the eyes, but cowering developed gradually; young gaped readily when the nest rim was tapped lightly, usually until day eight. I observed that young from a given nest fledged on the same day (n = 3).
NESTLING DEVELOPMENT
Young at hatching had dark-colored skin; eyes were closed and did not open until day five to
The first week out of the nest was primarily spent preening, resting, and begging for food. Both adults fed the young, but the load shifted to the male if the female readied herself for the next nesting effort. At two nests I observed parents still feeding young from their first nest while in the process of feeding the newly hatched chicks of the second, but this was not usual. Young remained with their parents and on territory throughout the non-breeding period. Young birds were forced from their natal territory just prior to the initiation of the next breeding season. Ralph, in prep.), but average height of nest from the ground differs among locations, being directly related to the tree height of the forest in which the bird is nesting (e.g., see Fig. 9 ). Nest sizes appear very similar among the mesic forest Elepaio subspecies, with the more xeric C. s. bryani nest measurements being more variable and slightly smaller (Table 3) .
REPRODUCTIVE SUCCESS
My analysis of Elepaio
Some of the most consistent parameters among Elepaio subspecies are clutch size and egg measurements. In all studies to date, Elepaio clutch size is most often reported as two eggs with an occasional clutch of three. Elepaio egg sizes only vary from 2.04-2.2 cm in length and 1.5-l .6 cm in width (Newton 1897, Berger 198 1, H. Sakai and C. J. Ralph, in prep., this study). Elepaio incubation periods have been reported to be 18 days for C. s. ridgwayi (H. Sakai and C. J. Ralph, in prep.), C. s. scfateri (Berger 1981 ) and for C. s. bryani in this study. Only Conant (1977) reported a different incubation period (14-l 6 days) for one nest of C. s. ibidis that she observed on Oahu. However, the Oahu Elepaio nestling pe-riod was 16 days, the same as that reported on
